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Human embryonic stem cell (hESC) line chHES-415 was derived
from abnormal blastocyst donated by G6PD deﬁciency patient after
informed consent. Sequencing analysis conﬁrmed a heterozygous mis-
sense mutation c.1376G N T (p.R459L) of G6PD in the cells(Fig.1A).
This mutation was already documented in the main databases such as
HGMD (http://www.hgmd.cf.ac.uk/ac/search.php) and ClinVar (http://
www.ncbi.nlm.nih.gov/clinvar), indicating a pathogenic effect of this
nucleotide change. The result is consistent with that of the proband.
These cells expressed pluripotency-related genes NANOG, POU5F1,
SOX2 (Fig.1B) and were positive for pluripotent markers POU5F1,
NANOG, TRA-1-81 and TRA-1-60 as well as alkaline phosphatase
(Fig.1C). During long-term culture on the mitotically inactivated
mouse embryonic ﬁbroblasts (MEFs), this cell line maintained a sta-
ble karyotype 46, XX (Fig.1D). The differentiation capacity of this cell
line was conﬁrmed through in vitro and in vivo assays. The cells from
embryoid bodies expressed the key genes related with the develop-
ment of main organs from all three germ layers, such as ectoderm
markers (PAX6, SOX1, KRT17), mesoderm markers (T, FLK1,
RUNX1) and endoderm markers (FOXA2, CXCR4, GATA4) (Fig.1B),
while the teratoma contained a complex pattern of differentiation
to three germ layers was detected in teratoma (Fig.1E).
Materials and methods
Source of embryo
The ethical committee of Reproductive and Genetic Hospital of
CITIC-Xiangya approved this experiment. Abnormal embryo withthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
List of primers used in RT-PCR.
Genes Primer sequence Temp. (°C) Product size (bp)
NANOG
5′-TGAACCTCAGCTACAAACAG-3′
52 154
5′-TGGTGGTAGGAAGAGTAAAG-3′
POU5F1
5′-AGCGAACCAGTATCGAGAAC-3′
54 142
5′-TTACAGAACCACACTCGGAC-3′
SOX2
5′-AGCTACAGCATGATGCAGGA-3′
55 126
5′-GGTCATGGAGTTGTACTGCA-3'
PAX6
5′-AACGATAACATACCAAGCGTGT-3′
56 126
5′-GGTCTGCCCGTTCAACATC-3′
SOX1
5′-TCAAACGGCCCATGAACGC-3′
58 119
5′-CGGCCTCGGACATGACCTTC-3′
KRT17
5′-GGAGATTGCCACCTACCG-3′
58 137
5′-TGCCATCCTGGACCTCTT-3′
T
5′-TGCTTCCCTGAGACCCAGTT-3′
64 120
5′-GATCACTTCTTTCCTTTGCATCAAG-3′
FLK-1
5′-GGTATTGGCAGTTGGAGGAA-3′
58 198
5′-ACATTTGCCGCTTGGATAAC-3′
RUNX1
5′-CTGCCCATCGCTTTCAAGGT-3′
58 91
5′-GCCGAGTAGTTTTCATCATTGCC-3′
FOXA2
5′-ATGCACTCGGCTTCCAGTAT-3′
58 150
5′-CATGTACGTGTTCATGCCGT-3′
CXCR4
5′-CAGCAGGTAGCAAAGTGACG -3′
58 123
5′-CCCATTTCCTCGGTGTAGTT-3′
GATA-4
5′-GTGTCCCAGACGTTCTCAGTC-3′
58 102
5′-GGGAGACGCATAGCCTTGT-3′
β-ACTIN
5′-TCCCTGGAGAAGAGCTACGA-3′
58 194
5′-AGCACTGTGTTGGCGTACAG-3′
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diagnosis (PGD) treatment after informed consent. The abnormal em-
bryowas cultured to the blastocyst stage in G-series sequentialmedium
(G1 and G2, Vitrolife) at 37 °C in 5% CO2, 5% O2 and 90% N2 with 95%
humidity.hESC line derivation and cell culture
The methodology used for cell line derivation was adopted as previ-
ously described (Lin et al., 2009). The inner cell mass was mechanically
isolated and then plated on MEF feeders. The cells were cultured in ES
medium containing DMEM/F12 supplemented with 15% knockout
serum replacement, 2mMnonessential amino acids, 2mM L-glutamine,
0.1 mM β-mercaptoethanol and 4 ng/ml of basic Fibroblast Growth
Factor (bFGF) (all from Invitrogen). The medium was changed every
day until the embryo outgrowth was observed. Then the outgrowth
was transmitted onto fresh MEF feeder layers and obtained the hESC-
colony morphology during prolonged culture. hESC colonies were me-
chanically passaged every 7 days.PCR-Sanger sequencing
Genomic DNA was prepared with QIAmp® DNAmini kit (QIAGEN).
Following primers were used for PCR ampliﬁcation reaction: 5′-GGCA
GTGGCATCAGCAAG-3′ and 5′-GGCAGTGGCATCAGCAAG-3′. Cycling
conditions were as follows: 95 °C for 1.5 min followed by 35 cycles
of ampliﬁcation (95 °C denaturation for 40 s, 60 °C annealing for 40 s,
72 °C elongation for 40 s) and a ﬁnal extension at 72 °C for 5 min. The
PCR products were determined by Sanger sequencing using a BigDye
Terminator cycle sequencing kit v3.1 and an ABI 3130XL Genetic Ana-
lyzer (Applied Biosystems).Fig. 1. Characterization of chHES-415 cell line. (A) Sequence chromatography. A heterozygous m
expression analysis by RT-PCR. Pluripotent genes NANOG, POU5F1 and SOX2were detected in t
(PAX6, SOX1, KRT17, T, FLK1, RUNX1, SOX17, FOXA2 and CXCR4)were detected in the different
81, TRA-1-61 andAKP. Scale bar=100 μm. (D) chHES-415 has a normal karyotype 46, XX. (E) H
from three germ layers. Scale bar = 50 μm.RT-PCR
Total RNAwas isolated with TRIzol (Invitrogen) and cDNA was syn-
thesized by Transcriptor First Strand cDNA Synthesis kit (Roche)
according to the manufacturer's instructions. The RT-PCR reaction
was carried out as follows: 95 °C for 2 min; 32 cycles of ampliﬁcation
(95 °C for 30 s, 54–64 °C for 30 s and 72 °C for 30 s) and a ﬁnal extension
at 72 °C for 5min. PCR products were separated onto a 1.5% agarose gel,
stained with ethidium bromide, visualized and photographed on a UV
transluminator. The product sizes, annealing temperatures and primer
sequence used are listed in Table 1.Immunocytochemistry and alkaline phosphatase staining
HES colonies were ﬁxed by 4% paraformaldehyde and treated by
mixed solution of 0.5% TritonX-100 (Sigma) and 10% donkey serum
(Jackson Immuno Reserach) for 30 min at room temperature for
permeabilizing and blocking. The cells were incubatedwith the primary
antibodies for POU5F1 (1:200, Santa Cruz), NANOG (1:50, Abcam), TRA-
1-81 (1:50, Millipore), TRA-1-60 (1:50, Millipore), at 4 °C over night.
Unbound antibodywas removed by extensive washing, and Localiza-
tion of antigens was visualized by using Alexa Fluor® 488 secondary
antibody (1:1000, Invitrogen). Nuclei were counterstained with
DAPI (1:1000, Sigma). In addition, alkaline phosphatase activity
was detected with BCIP/NBT Kit (Invitrogen). Images were acquired
in an epiﬂuorescence microscopy (Nikon Eclipse TE2000-U).Karyotype analysis
HES cells cultured on matrigel (Corning) with mTeSR1 (Stem Cell)
were treated with KaryoMAX® Colcemid™ solution (GIBCO) for 3 h
and harvested with Accutase (Millipore). After treated with 75 mM
KCl solution at 37 °C for 12 min, cells were ﬁxed with mixed solution
of methanol and acetic acid (3:1) and then send for standard G-
banding karyotype analysis.In vitro differentiation
HESC colonies cultured onMEF feedersweremechanically dissociat-
ed into small clumps and detached to grow as aggregates in suspension
for 7 days to form embryoid bodies in ES medium without bFGF. The
embryoid bodies were then harvested and processed for the expression
analysis of the key genes related with the development of main organs
from all three germ layers, such as ectoderm markers (PAX6, SOX1,
KRT17), mesoderm markers (T, FLK1, RUNX1), endoderm markers
(FOXA2, CXCR4, GATA4).In vivo teratoma formation assay
HESCs cultured on feeder layer were treated with 10 μMRho-kinase
inhibitor Y-27632 (Sigma) for 24 h and transmitted to 60 mm low-
attachment dish for 2 h after detached with the purpose of wiping off
dead cell. The hESCs were collected and mixed with 30 μL Matrigel
(BD). The cell suspension was intramuscularly injected into the rear
leg of SCID mice. Teratoma was formed two months post-injection
and processed for histological analysis by hematoxylin and eosin
(H&E) staining.utation (red arrow), c.1376G N T, of G6PDwas identiﬁed in chHES-415 cell line. (B) Gene
he undifferentiated cells, while the key genes relatedwith the development ofmain organs
iated embryoid bodies. (C) chHES-415 colonies were positive for NANOG, POU5F1, TRA-1-
istological sections of teratomas formed by the chHES-415 hESC line contain tissues derived
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Karyotyping and Sequencing analysis were performed at Reproduc-
tive & Genetic Hospital of CITIC-Xiangya. All 15 metaphase cells ob-
served had the normal karyotype 46, XX. PCR-Sanger sequencing
conﬁrmed a heterozygous missense mutation c.1376G N T (p.R459L)
of G6PD in chHES-415 cells which is consistentwith that of the proband.
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